The Autism Spectrum Disorder (ASD) represents a set of life-long disorders. In particular, subjects with ASD can display momentary behaviors of acute agitation and aggressiveness called crisis behaviors. These events are problematic for the subject and care providers but little is known about their occurrence, namely, possible relations among intensity, frequency, and duration. A group of ASD subjects ( = 33) has been observed for 12 months reporting data on each crisis ( = 1137 crises). Statistical analysis did not find significant results, while the relation between crisis duration and frequency showed a good fit to a "power law" curve, suggesting the application of Self-Organized Criticality (SOC) model. The SOC is used to describe natural phenomena as earthquakes, bank failures of rivers, mass extinctions, and other systems where a type of "catastrophic events" is necessary to maintain a critical equilibrium. In a sense, subjects at risk of crisis behavior seem to fit the same model as seismic zones at risk of earthquakes. The employment of the same strategies, as those successfully developed for known SOC systems, could lead to important insights for ASD management. Moreover, the SOC model offers possible interpretations of crisis behavior dynamics suggesting that they are unpredictable and, in a sense, necessary.
Introduction
The Autism Spectrum Disorder (ASD) represents a set of lifelong disorders characterized by impairments in reciprocal social interactions, communication skills, and repetitive and stereotyped patterns of behavior, interests, and activities [1, 2] . In addition to these core features, many other nonspecific behaviors, such as anxiety, depression, sleeping, and eating disorders, are quite common. It has been found that features of ASD are often accompanied by impairments in cognitive and adaptive functioning, learning styles, and attention skills [3, 4] .
Notably, subjects with ASD can present momentary behaviors of acute agitation [5, 6] . They can display temporary maladaptive or challenging behaviors such as oppositional or disturbing activities (e.g., echolalia and repetitive beating) as well as more severe behaviors such as dangerous self-injuries or aggressions. These multiple acute agitation forms (behavioral crisis) could be very different from one another in terms of intensity, duration, and frequency. They are often referred to, for short, as crisis behaviors [7] . Such crises seem hard to predict and once they occur, they can be difficult to manage by families, caregivers, educators, or any other possible care providers because subjects presenting with autism spectrum disorders are often not likely to respond positively to intervention strategies (e.g., verbal reassurance, coaxing, or explanations) that are usually performed [7, 8] .
We believe that studying crisis behavior occurrence, hence investigating and understanding possible relations among intensity, frequency, and duration, could be very important. We wish to address the following questions. Is the kind of crisis (according to a type of intensity or severity) related to its duration or frequency? Are longer or shorter crises more frequent? Could it be previously known what the probability of their occurrence is? 2
Complexity
There is little information in the literature regarding these topics. Many authors have described trends related to frequency and severity changes (or intensity) in crisis behaviors for decades but what is reported appears not to be focused on searching for general rules or definite laws in an analytical way. Moreover, some results seem controversial [9] [10] [11] [12] [13] [14] . It is noteworthy that crisis behavior has been described as the "tip of the iceberg" [15] suggesting that its underlying reason seems to be the result of a complex interplay of many different variables, almost impossible to identify in a clear way [7, 16] . Besides searching for possible reasons, this framework led us to first focus on a statistical approach, considering crisis as events regardless of their causation, but in terms of their frequency and severity as previously shown. In fact, despite the literature being incomplete, pragmatically speaking, this information could be very useful and effective, for example, for crisis managing both from a single subject support point of view and from the administration perspective for a group on the autism spectrum (i.e., hospitals, health care centers, and clinics) [17] .
In order to investigate frequency, intensity, and the duration of ASD crisis behavior, a group of ASD subjects has been observed for one year and each crisis behavior event has been recorded in a data base. Then, the data collected have been statistically described and studied through different analytical methods in order to reach the aim of the study, that is, to find possible relations between crisis behavior duration, intensity, and frequency in ASD subjects. The more interesting and promising result came not from conventional statistical methods (also performed and reported) but from the Self-Organized Criticality (SOC) model, a well-known analytical approach suggested by the complexity science [18, 19] . We believe that this could lead to effective results for ASD crisis management both from an individual and from a community point of view. Moreover, it offers possible interesting interpretation of crisis behavior dynamics suggesting they could be considered, in a sense, necessary as well as unpredictable. To the best of our knowledge, no application of SOC to ASD has been reported in the scientific literature to date.
Methods

Aim of the Study.
The aim of the study was the investigation of the occurrence of ASD crisis behavior, with reference to frequency, intensity, and duration and possible relations among them through a quantitative approach. In order to do that, crisis behavior data for a group of subjects ( = 33) have been collected and recorded for one year. The data have then been analyzed using statistical and analytical tools and models. This information could be very useful and effective, for example, for crisis managing both from a single subject support point of view and within a group from the autism spectrum administration perspective (i.e., hospitals and health centers).
Data Collection and Variables Specifications.
A group of young subjects ( = 33) with diagnosed ASD attending the "Ca'Leido" Autism Center (an ASD service facility recognized by the local agency of the Italian national health system) have been recruited. Basically, the subjects included in the study have all been the ASD subjects in the local health administration area who agreed to enter the Autism Center, who regularly attend it, and who consented to join the study (see the "Compliance with Ethical Standards" paragraph below). No other exclusion criteria have been applied. It should be noted that the Autism Center does not have any admission restrictions (e.g., a restriction based on any possible ASD severity scale or behavioral problems).
Subjects in the study have been observed for 1 year (starting from November 10, 2015) and each crisis behavior has been recorded in a data base (DB).
For every crisis, the DB reports its "duration," its "intensity," the date, and, of course, the identification code of the involved subject.
The "duration" has been reported with time units of 5 minutes, because both the start and the end of a single crisis are not precisely known but fuzzy. Hence, "duration = 1" means between 1 and 5 minutes, "duration = 2" means between 5 and 10 minutes, "duration = 3" means between 10 and 15 minutes, and so on.
The crisis definition and its "intensity" parameter have been chosen focusing on the social impairment side of a crisis. It has been defined according to the Functional Analysis Screening Tool (FAST) severity scale [20] [21] [22] in a three-level classification summarized below. Data normality has been evaluated by the Shapiro-Wilk test. Data found were not normally distributed ( > 0.05); thus, nonparametric tests were needed and comparison has been performed with the Friedman test (significance level < 0.05).
The function estimation has been performed with Statistica 10 "Nonlinear Estimation Model" (user defined as = − ), setting the Levenberg-Marquardt estimation method (convergence criterion = 10 −6 ).
Limitation of the Study.
The number of investigated subjects is limited to = 33. Moreover, they come from a definite health administration area and agreed to entering and attending the Autism Center facility: this could hide a geographic bias, as well as a selection bias. A greater multicentric population should be analyzed, recruiting subjects from different kinds of facilities to overcome such possible biases.
Classification of crisis intensity (level A, B, or C) has been performed by expert health professionals. Even if they have been properly trained, and the classification criteria are clearly described in the scientific literature, it is always a subjective evaluation that could differ from one evaluator to another especially for borderline data. On the other hand, increasing the number of the evaluators ( = 16) could have reduced this kind of error.
The power law parameter estimation has been performed on the crisis behavior of all of the subjects (see "Results") in the data base. Such a result is consistent with the emergence of a power law for any single subject. Even if the formal analytical estimation of the data cannot be performed because of the small size of the single subject data set, each of their shapes (power law like) together with their overall (grouped) result allows us to reasonably assume the single subject power law distribution as one of the hypothesis to consider for a part of the "Discussion." Future work on a larger sample size would allow an analytical parameter estimation at the single subject level.
Results
The investigated subjects are = 33 (29 males and 4 females) in number. They range in age between 8 and 33 years with a medium value of 15.9 ± 6.2 (m ± SD) years. The total number of recorded crisis events is 1137 (404 for level A, 321 for level B, and 412 for level C).
The frequency per individual (number of crises per individual in the observed period) for level A, B, and C crises has been considered. As shown in Table 1 , first row, no statistical differences ( > 0.05) emerged in crisis frequencies per individual among levels. This is consistent with a uniform distribution, thus suggesting looking at possible differences among levels in terms of total duration beside the mean crisis duration. Hence, the mean crisis duration per individual and the total duration per individual (i.e., the sum of the durations of all of the crises per individual) have been compared among levels of intensity. Once again, no significant differences appeared (see Table 1 , second and third rows), so it has been shown that level A, B, and C crises seem to have similar duration. In short, observed crisis frequency and duration seem to be independent of the intensity (in terms of levels A, B, and C).
Then, a different data analytical approach has been applied: for each level (A, B, and C), every single duration has been taken into account (see the "duration" definition in "Methods"). Hence, we have evaluated the following: the frequency of crisis with "duration 1," "duration 2," and so on (the maximum duration recorded has been "duration 100") for each of the three levels. We have found a value (m ± SD) for level A = 13.93±29.34, level B = 11.10±22.86, and level C = 14.21 ± 33.85. Once again, no statistical significance appeared ( > 0.05) among levels. Hence, even this approach does not suggest a possible difference involving duration and intensity of crisis.
However, the curve shape emerging from the latter evaluation suggested a deeper investigation. The crisis duration versus frequency reminds a well-known relation. Namely, the emerging distribution (see Figure 1 ) seems to fit the so-called "power law" [18] , whose mathematical expression is given below:
where is the dependent variable; is the independent variable; and are constants depending on the single model.
Roughly speaking, the power law describes a relation in which a small number of crises have very long duration and, conversely, a very large number of crises have a short duration. Between these two extremes, the situation changes "regularly" according to a well-known function described by the so-called the power law curve, as shown in Figure 1 (red line).
Consequently, real data have been fitted using a nonlinear estimation model, according to the following distribution:
where is number of crises in the observed period (frequency of crisis); time is crisis duration (unit of measurement is 5 minutes); , are parameters to be found by software analysis.
The parameter estimation leads to the result reported in Table 2 , with a proportion of variance accounted for PoV = .97 and R = .99 (see Table 2 ). These numeric results suggest a very good fit to the observed data.
The resulting power law distribution plot is reported in Figure 1 .
Dealing with a power law distribution, it is quite common to express the same data in a different way, achievable through a simple coordinates change, from linear to log-log for both the -and -axis. This makes it clearer because, in the new coordinates system, the power law becomes linear so that the function = -becomes = − + with = log( ), = log( ), and = log( ). In our case, the log-log equation becomes = −1.2096 + 2.624658.
Discussion
The evaluation of the crisis frequency and duration, both the total or medium value, has been shown to be similar (i.e., not statistically different) for levels A, B, and C, thus suggesting that frequency and duration are independent of the intensity. On the other hand, an interesting relation emerged: the duration of a crisis and its frequency are ruled by a power law distribution.
Interestingly, the power law is a fundamental element describing the well-known model called the "sand-pile model" [23] . To illustrate this, suppose we drop a grain of sand on a small table, then following a process of dropping grain after grain, a sand-pile forms, cone shaped. It will grow up in size until a definite, particular cone has been formed with a target shape (think of a particular cone height or side length or angle), which, once reached, cannot change any more, even adding sand grains again and again. In fact, adding new grains will not change the pile shape and dimension. This is possible because adding grain after grain occasionally causes landslides somewhere on the pile surface, in order to maintain the shape. Such landslides could be wider or smaller and could occur more or less frequently: the relation between their width (dimension) and their number (frequency) is not random but follows a power law distribution.
The sand-pile model is an example describing a selforganizing system in a state of equilibrium which is critical. Each grain drops and, suddenly, one of them causes, somewhere in the pile, a landslide of unknown dimension in order to maintain the critical shape. Notably, the system maintains its equilibrium not in a continuous or linear way but because of a sudden "catastrophic" event (e.g., landslides), happening at unknown times. The relation between the width and frequency of such events which follow, as stated before, a power law is known.
This critical equilibrium dynamics is an example of what is called the "Self-Organized Criticality" (SOC), a widely used model coming from the complexity science, employed to describe many different natural phenomena [18, 23] . SOC has been successfully applied in many fields for more than 20 years. One of the first was the statistics of earthquakes: the Earth's crust could be seen in a "critical state" and, occasionally, a catastrophic event (an earthquake) would happen in order to maintain its critical state of equilibrium [24] . The magnitude (a measure of width) of earthquakes and their number (frequency) have been shown to follow the power law. In the same way, bank failures of rivers [25] , forest fires [26] , mass extinctions [27] , and many other systems have been successfully modeled by SOC and its power law. More recently, some applications have been shown within the field of neuroscience [28] as well as human behavior description [29, 30] .
ASD crisis power law dynamics suggests their possible description using a SOC model. Subjects on the autism spectrum seem to fit the same dynamics as a system in critical equilibrium, in which, suddenly, a "catastrophic event" could occur: a crisis behavior could be modeled just as a landslide, an earthquake, a river bank failure, and so on, occurring in order to keep the system at a "critical equilibrium" (whatever it may mean for a subject with ASD).
Indeed, the finding of a power law does not necessarily imply that the observed system exhibits SOC: it is fundamental but is not the only element featuring this kind of model.
Marković and Gros [31] defined what could be considered a distinctive line of SOC models as "based on a very specific generating mechanism namely the separation of time scales between a fast internal dissipation [ . . . ] and a slow external driving." The ASD scientific literature [7, 15, 16, 32] suggests that crisis behavior (i.e., "fast internal dissipation") seems driven by many variables, named by Stark et al. [7] "daily life stressors" (i.e., "external variables"), interacting as a complex network: every day, stressor after stressor, add one after another, and interact, just as grains dropping and acting in sand-pile, slowly. Suddenly, a crisis behavior occurs, just as a sand-pile landslide, in a "separated" time scale.
Therefore, ASD crisis behavior dynamics seems to fit very well the SOC model. Moreover, Marković and Gros argue that a power law could describe two other lines of models as well, which, on the other hand, should be considered and, possibly, excluded.
The first is "based on external drives and internal dynamics competing on similar time scales and includes the coherent noise model": this should be trivially excluded because of its similar time scale feature, not present in ASD crisis behavior, as just illustrated.
The second one "proposes a noncritical self-organizing state, being guided by an optimization principle, such as the concept of highly optimized tolerance" (HOT). Carlson and Doyle [33] described the HOT model in which power Complexity 5 law distributions can manifest themselves in systems with heterogeneous structures designed to operate optimally in uncertain environments without requiring critical dynamics. In the Marković and Gros [31] words, "the main difference between the SOC and the HOT mechanism is their explanation of large, possibly catastrophic events. [ . . . ] As for HOT, large events are caused by a design which favors small, frequent losses, having rather predictable statistics, over large losses resulting from rare perturbations" (HOT shows high robustness and resilience to "known" system failures and, on the other hand, high sensitivity to design flaws and unanticipated perturbations). Well, in ASD subject daily life stressors occur and interact with each other. A crisis behavior is, as previously reported, what Mesibov et al. [15] refers to as the "tip of the iceberg" in order to explain the underlying stressors' interplay. It seems not to be a system where different perturbations directly lead to different effects, according to their frequency of occurrence or probability, as the HOT one which, hence, should be excluded.
Hence, the SOC model can be reasonably argued to be the proper one. Now, as the ASD crisis dynamics seem to fit it, we could hence suggest the employment of the same strategies, effectively and successfully developed for SOC systems [26] .
As an example, let us go back to the earthquake example. One practical application of its SOC modeling is how the frequency of small and medium magnitude earthquakes in some areas can be used to quantify the risk of large ones: collecting data of small and medium earthquakes over a fixed area can define its own particular power law so that its risk of big magnitude earthquakes can be inferred. In other words, finding the parameters of the power law equations for each definite area (just using small and medium earthquakes data), we can describe a profile of its particular level of seismicity, thus ascribing its probability of big catastrophic events.
A subject on the autism spectrum could be modeled in the same way as a seismic zone, in which suddenly an "earthquake" (a crisis behavior) can occur. Collecting data on his/her crisis could easily lead to define his/her own particular power law equation, thus defining a particular "crisis" profile and risk. For example, as for an earthquake, its profile curve allowed the derivation of a probability of long duration crisis, whose risk of occurrence could be important, for example, because they are not always so easy to manage [5] . Basically, such a power law curve ascribed to a subject with ASD is a sort of crisis reference, just as the seismicity level of an earthquake prone area.
In general, the power law of subjects with ASD could be viewed (as in other SOC models) as a crisis profile. In fact, more clearly in its linear form (i.e., after the loglog coordinates change), it can show a lot of information in an even easier way. Its slope, the area under the curve and all of the other mathematical values could give a lot of important information, which can be useful for real life effective applications. For example, in order to study the outcome (the effect) of a strategy or a treatment (behavioral as well as pharmacological or mixed): collecting data on frequency and duration of a subject crisis before and after the treatment allows us to build individual power law curves, hence his/her crisis profile before and after, which could be meaningfully compared. Changes in the equation parameters could be an objective measure, easy to find, easy to view, and easy to understand regarding the effect of a treatment, just as it could happen in other SOC modeled phenomena (e.g., just as interventions for fire prevention in a forest could change its fire power law distribution). Thus, knowing the crisis behavior risk profile could be helpful for managing both from a single subject support point of view as well from the administration perspective (i.e., hospitals, health care centers, and clinics) for a group with ASD.
Interestingly, the application of the SOC models to ASD, besides the description of empirical observations, suggests possible conceptual interpretations about the dynamics of the crisis behavior characteristics of this condition.
As previously seen, the SOC can describe natural phenomena in a "critical equilibrium" maintained through catastrophic events occurring, necessarily, according to a power law distribution. For example, a sand-pile maintains its cone shape through landslides and the Earth's crust maintains its equilibrium through earthquakes, obeying their power laws. Beyond the particular nature of any phenomenon described by the SOC model in its critical equilibrium, its catastrophic events must occur following the power law. In the same way, ASD crisis behaviors are necessary in order to obey the power law hence to maintain the "critical equilibrium." It must be pointed out that such equilibrium has to be understood as a "mathematical" concept, namely, within the theoretical framework given by the SOC model only, without any pathophysiological inference on the ASD subjects. The SOC model asserts, at a descriptive level, that crisis behaviors must fit the power law. In this sense, crisis behaviors are necessary (e.g., a "long" crisis must occur as it must fit the power law).
Secondly, according to the SOC, the occurrence of a particular "catastrophic event" is unpredictable. In a sand-pile, dropping grain after grain will cause a landslide occasionally, but which particular grain will cause it remains unknown. In the same way, even if the reasons for earthquakes are known, they cannot be foreseen and a particular trigger cannot be predicted. Hence, according to the SOC model, even if the reason of a crisis behavior could be known in general, the particular triggering event could not be predicted.
In summary, the SOC application to ASD, beyond proposing useful and effective real life application for ASD subject management, offers interesting possible interpretations of crisis behavior dynamics, suggesting they are necessary and unpredictable as other natural phenomena described by the same model.
Conclusion
The study of the duration, the intensity, and the frequency of ASD crisis in a group of subjects with ASD has been performed for one year.
No statistically significant result has been found relating duration and frequency with intensity. On the other hand, data observation led to the emergence of an interesting relation between the duration and the frequency of ASD crisis 6 Complexity behavior. In fact, it has been shown that such a relation has a very good fit with a power law curve, leading us to approach the crisis dynamic using a SOC model. Subjects with ASD seem to fit the same model as seismic zones and ASD crises as earthquakes. Time after time, a crisis (just as an earthquake) could occur in order to maintain a "critical" equilibrium, as described in the SOC model. This view allowed us to apply to ASD crisis management the same effective and successful strategies found for SOC systems over several decades of fruitful applications, for example, suggesting a long duration crisis risk.
Such an approach suggests possible effective real life applications, which could be useful in subjects on the autism spectrum management both from an individual and from a group point of view. Moreover, it offers interesting possible interpretations of crisis behavior dynamics, suggesting they are, in a sense, necessary and unpredictable.
The SOC model could open the door to a new approach to ASD crisis behavior so that it could be worthy of a deeper investigation.
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